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ü The Gamma correlator
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Ø The Gamma Correlator’s response is similar for signal and background
ü Background-driven correlations complicate CME-driven signal 

extraction?
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CMS Collaboration
PRC. 97 044912 (2018)

Ø CMS at QM-18
ü pPb consistent with 100% BKG
ü Same for PbPb

6

ü cos 3 Ψ' − Ψ) ~ 0



v Introduction 
ü Why a new correlator?

15

Ø We need better control over signal and  background

7



v Introduction 
ü Why a new correlator?

16

Ø We need better control over signal and  background

B and Ψ" ~ uncorrelated
plane

p+A

ü Leverage Small systems

ü Signal free 

7



v Introduction 
ü Why a new correlator?

17

Ø We need better control over signal and  background

B and Ψ" ~ uncorrelated
plane

p+A

ü Leverage Small systems

ü Signal free ü Signal free 
ü Compare with Ψ" measurements

B and Ψ# ~ uncorrelated

ü Leverage Ψ# measurements

Ψ#
B

7



v Introduction 
ü Why a new correlator?

18

Ø We need better control over signal and  background

B and Ψ" ~ uncorrelated
plane

p+A

ü Leverage Small systems

ü Signal free ü Signal free 
ü Compare with Ψ" measurements

B and Ψ# ~ uncorrelated

ü Leverage Ψ# measurements

Ψ#
B

v Excellent bench mark 

7



v The New Correlator
N. Magdy et al. arXiv: 1710.01717

Ø The correlator is constructed for a given event plane Ψ" via a 
ratio of two correlation functions

#$% ∆' quantifies charge 
separation along the B-field

x
y

Reaction
Plane Ψ(

#$%) ∆' quantifies charge 
separation perpendicular to the 

B-field (only background)

*$% ∆' = #$, ∆'
#$,
) ∆'

B

8



v The New Correlator
N. Magdy et al. arXiv: 1710.01717

Ø The correlator is constructed for a given event plane Ψ" via a 
ratio of two correlation functions

#$% ∆' quantifies charge 
separation along the B-field

x
y

Reaction
Plane Ψ(

#$%) ∆' quantifies charge 
separation perpendicular to the 

B-field (only background)

*$% ∆' = #$, ∆'
#$,
) ∆'

B

The *$% ∆' correlator measures the magnitude of charge separation 
parallel to the B-field, relative to that for charge separation 

perpendicular to the B-field

8



v The New Correlator
N. Magdy et al. arXiv: 1710.01717

Ø The correlator is constructed for a given event plane Ψ" via a 
ratio of two correlation functions

#$% ∆' quantifies charge 
separation along the B-field

x
y

Reaction
Plane Ψ(

#$%) ∆' quantifies charge 
separation perpendicular to the 

B-field (only background)

*$% ∆' = #$, ∆'
#$,
) ∆'

B

The *$% ∆' correlator measures the magnitude of charge separation 
parallel to the B-field, relative to that for charge separation 

perpendicular to the B-field

Note that both #$- ∆' and #$-
) ∆' are insensitive to CME-driven 

charge separation (only background)
8



!"# ∆% = '"# ∆%
'"#( ∆%

'"#(∆%) =
+(∆% )
+(∆%,-)

'"#( ∆% = +(∆%()
+(∆%(.-)

∆% =
∑01 sin(

5
2 ∆7)
8 −

∑0: sin(52 ∆7)
;

+(∆%)
Sensitive to charge separation 

(CME and Background)

∆7 = 7 − Ψ=

v !"# ∆% Correlator

+(∆%()

∆%( =
∑01 cos(

5
2 ∆7)
8 −

∑0: cos(52 ∆7)
;

N. Magdy et al. arXiv: 1710.01717

9



!"# ∆% = '"# ∆%
'"#( ∆%

'"#(∆%) =
+(∆% )
+(∆%,-)

'"#( ∆% = +(∆%()
+(∆%(.-)

∆% =
∑01 sin(

5
2 ∆7)
8 −

∑0: sin(52 ∆7)
;

+(∆%)
Sensitive to charge separation 

(CME and Background)

Shuffling of charges within an event breaks the 
charge separation sensitivity

∆%.- =
∑01 sin(

5
2 ∆7)
8 −

∑0: sin(52 ∆7)
;

+(∆%.-)

∆7 = 7 − Ψ=

v !"# ∆% Correlator

+(∆%()

∆%(.- =
∑01 cos(

5
2 ∆7)
8 −

∑0: cos(52 ∆7)
;

+(∆%(.-)

∆%( =
∑01 cos(

5
2 ∆7)
8 −

∑0: cos(52 ∆7)
;

N. Magdy et al. arXiv: 1710.01717

9



v !"# ∆% Correlator &'( ) = + ,-..0
1
2

3

Ø4(X) distributions:
ü Gaussian like distribution

Ø4(∆%) distributions:

ü Carry charge separation 
information

Ø4(∆%89) distributions:

ü Carry no charge separation 
information

N. Magdy et al. arXiv: 1710.01717

10



v !"# ∆% Correlator &'( ) = + ,-..0
1
2

3

Ø4(X) distributions:
ü Gaussian like distribution

Ø4(∆%) distributions:

ü Carry charge separation 
information

Ø4(∆%89) distributions:

ü Carry no charge separation 
information

N. Magdy et al. arXiv: 1710.01717

:"#(∆%) =
4(∆% )
4(∆%;<)

:"#= ∆% = 4(∆%=)
4(∆%=><)

10



v !"# ∆% Width
Ø Charge separation magnitude is reflected in the width of the !"# ∆%

distribution which is affected by:
ü Number fluctuations
ü EP-resolution

∆%& = ∆%/)∆*+, ∆%” = ∆%&. !/0
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v !"# ∆% In Background Models

Ø Validation of the expected similarity between the patterns for !"& ∆%
and !"' ∆% for background-driven charge separation
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v !"# ∆% In Background Models

Ø Validation of the expected similarity between the patterns for !"& ∆%
and !"' ∆% for background-driven charge separation

Ø Suppressing the resonance contributions leads to a flat shape for !"& ∆%
and !"' ∆% for background-driven charge separation
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v !"# ∆% Response

∆%

Y. Sun et al.
arX

iv: 1803.06043

N. Magdy et al. arXiv: 1710.01717

Ø Validation of the expected concave-shaped 
response of !"& ∆% to CME-driven 
charge separation input in CME-events.

Ø Signal magnitude reflected in the widths 
of the distributions
Ø Smaller widths for larger input signal

Concaved-shape distribution
for input charge separation
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v !"# ∆% vs Centrality
AVFD (bkg&CME)

N. Magdy et al. arXiv: 1710.01717
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charge separation input in AVFD events.

16



v !"# ∆% vs ('() Y. Sun et al. 
arXiv: 1803.06043Chiral kinetic approach
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v !"# ∆% vs ('() Y. Sun et al. 
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v !"# ∆% vs Background 

EbE Hydro

Ø Expected similarity between !"& ∆%
and !"' ∆% for background-driven 

charge separation
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v !"# ∆% Measurements at RHIC
ü Event plane and 
ü Systems dependence 

ØMeasurements for !"& show:
ü Different response for 
!"' and !"(
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v !"# ∆% Measurements at RHIC
ü Event plane and 
ü Systems dependence 

ØMeasurements for !"& show:
ü Different response for 
!"' and !"(

ü Different response for small 
(p(d)+Au) and large (Au+Au) 
systems
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v !"# ∆% Measurements at RHIC
ü Event plane and 
ü Systems dependence 

ØMeasurements for !"& show:

Ø!"& results are consistent with 
the expectation for CME-driven 

charge separation.

ü Different response for 
!"' and !"(

ü Different response for small 
(p(d)+Au) and large (Au+Au) 
systems
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ØMeasurements show:
ü Different response for Ψ" and Ψ#
ü $%" width is centrality dependent
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ØMeasurements show:
ü Different response for Ψ" and Ψ#

Ø$%& results are consistent with the 
expectation for CME-driven charge 

separation.

All widths are normalized to the 
width of 0-20% (smallest a1)

ü $%" width is centrality dependent
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v !"# ∆% In Isobaric Collisions
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Ø AVFD predictions for the Ru+Ru and Zr+Zr isobaric systems
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v !"# ∆% In Isobaric Collisions

 1

 1.05

 1.1

 1.15

-0.4 -0.2  0  0.2  0.4

R
Ψ

2(∆
S)

20-40%(a)

∆S

Zr+Zr
Ru+Ru

 1

 1.05

 1.1

 1.15

-0.4 -0.2  0  0.2  0.4
∆S

40-60%(b)

 0.9
 1

 1.1
 1.2

 0  10  20  30  40  50  60  70
Centrality %

(c)

σ
R

u
R
Ψ

2/σ
Zr R
Ψ

2

 0

 1

 2

 3

 4

 0  20  40  60  80

(a)

〈(e
B

)2   c
os

(2
∆
Ψ

PP B
  )
〉1/

2
r=

0 (
m

2 π)

Au+Au
Ru+Ru
Zr+Zr

 0.6

 0.8

 1

 0  20  40  60  80

(b) X

R
at

io
(X

 / 
A

u+
A

u) Ru+Ru
Zr+Zr

 1

 1.1

 1.2

 0  20  40  60  80
R

at
io

(R
u+

R
u 

/ Z
r+

Zr
) (c)

Centrality %

N. Magdy et al. arXiv: 1803.02416

Ø Validation of the expected isobaric dependence of 
!"& ∆% to CME-driven charge separation input in 

AVFD events.

Ø AVFD predictions for the Ru+Ru and Zr+Zr isobaric systems
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v !"# ∆% In Isobaric Collisions
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v !"# ∆% In Isobaric Collisions
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Ø Isobaric ratios of the correlation function can be used to characterize 
both signal and background
ü Crucial for isobar run!
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Ø AVFD predictions for the Ru+Ru and Zr+Zr isobaric systems
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v Conclusion 
The charge separation correlators !"# ∆% , are investigated in different 

models and for STAR data.
Ø !"# In Background models:

Ø !"& In Data:

Ø !"' In Isobaric Collisions:
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